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Great News! 



Dr. Richard Baldwin, former lAPG CWG Chair and NASA 
representative to the lAPG CWG retired in late 2013 with over 25 

years of NASA service. 



We wish him luck in his retirement! 
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NASA GRC Electrochemical Technology Activities 



• Mission Programs/Projects 

• International Space Station (ISS) 

• Demonstrations 

• Advanced Exploration Systems Modular Power Systems 
Project 

• Research Programs/Projects 

• Enabling Electric Aviation with Ultra High Energy Lithium 
Metal Batteries 

• Advanced Space Power Systems Project 

• SBIR/STTRs 
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ISS Lithium-ion Battery Repiacements 

POC: Penni Dalton, ISS Battery Subsystem Manager, NASAGRC (216) 433-5223 

• Development of Li-ion batteries 

• One Li-ion battery to replace two Nickel-Hydrogen Orbital Replacement Units 
(ORUs) 

• ISS battery consists of 2 NiH 2 ORUs in series 

■ 76 81 Ah NiH 2 cells in series 

• Li-ion battery to replace two NiH 2 ORUs 

■ 30 134 Ah Li-ion cells in series 

• 9 Ni-H 2 ORUs returned to carrier, to be burned up upon reentry 

• Second ORU slot to be covered by an Adapter Plate (AP) to make the 
series connection 

■ 3 Ni-H 2 ORU stored on top of the AP 

• First Launch of 6 Li-ion batteries scheduled for no earlier than Dec 2016 on 
Japanese HTV; One launch per year through 2019 

• Boeing is the Prime integrator 

- 27 Battery ORUs (3 spares), 25 Adapter Plates (2 spares), 3 Status Charging 

Units (ground chargers) 

• Aerojet Rocketdyne is the battery integrator 

• GS Yuasa is the cell manufacturer 



www.nasa.gov 


National Aeronautics and Space Administration 

lEA Li-ion Battery/Adaptor Piate Arrangements 




Li-ion Battery ORU 


Data Link Cable 


NiH2 Battery ORU 

Long term stowage 


Adaptor Plate ORU 
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First Launch Schedule 



GFY2015 


GFY 2016 


GFY2017 


Jan 


Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 


Dec 








6th Lithium Ion Battery ORU 
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♦ 6th Adapter 


Plate ORU 


4 ^ 15^16 


♦ Flight Interface Hardware 

11 / 15/15 


4 ^ 

11 / 15/15 


Status Charging Unit 

(Special Test Equipment) 







Incentive DD250 
♦ Current Plan 
Margin C^E) 

I ~ 


¥— 

www.nasa.gov ? 


National Aeronautics and Space Administration 

ISS Lithium-ion Battery Repiacements 

• Delta ORU CDR, October 201 3 

• System CDR completed November 2013 

• Adapter Plate Production Readiness Review, November 2013 

• ORU Flight Production Readiness Review, July 2014 

• ORU Li-ion venting analysis to EVA Board and Safety Review Panel, July 2014 

• EM02 delivery to ISS Power Laboratory for test, September 2014 

• Annual configuration management and production line audit at GS Yuasa, Kyoto Japan, September 2013 
and 2014 

• Cell destructive physical analysis. Lot 4, April and Lot 5, August 2014 

• Qualification Units in assembly. Qualification testing to be complete February 2015 

• Cell Life testing 

- LEO cycling, -20% DOD 

- Constant current charge with stepped taper 

- Constant power discharge 

- 6 month 92 minute contingency discharge/1 year full discharge 

- Crane, GS Yuasa LSE134-101 

• Implemented improved terminal connection procedure, per Yuasa instructions, June 2014 

• Implemented 16 step charge profile, June/July 2014 

• 1P10S Loti cells: 12,120 cycles completed 

• 1P2S Lot 2 cells: 6,760 cycles completed 

• 1 P2S Lot 3 cells: 960 cycles completed 

- GRC, GS Yuasa LNF51 

• 1P10S : 17,300 cycles completed 
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NASA GRC Electrochemical Technology Activities 



• Mission Programs/Projects 

• International Space Station (ISS) 

• Demonstrations 

• Advanced Exploration Systems Modular Power Systems 
Project 

• Research Programs/Projects 

• Enabling Electric Aviation with Ultra High Energy Lithium 
Metal Batteries 

• Advanced Space Power Systems Project 

• SBIR/STTRs 
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AES Modular Power Systems 
Modular Battery FY14 Overview 




AMPS Modular Battery FY14 Objectives 

• Develop a 28 V battery pack compatible with the Portable Life Support 
System (PLSS) 2.0 assembly (advanced spacesuit life support testbed) 

• Demonstrate a battery architecture that meets the immediate testbed needs 
and has a path forward to next generation extravehicular activities systems 

• Support vacuum testing of PLSS 2.0 hardware in the testbed 


FY14 Accomplishments 

• Identified modular mil spec BB-2590 lithium-ion battery packs with 
integrated battery management system (BMS) as candidates for the battery 

• Cycled and vacuum tested packs and assessed their suitability for the 
application 

• Designed a master BMS to monitor individual BB-2590 BMS’s 

• Designed separate charger and balancing system for the integrated battery 

• Developed software interfaces to read BMS outputs and provide a graphical 
user interface for battery charging and discharging operations 

• Designed, built, and currently testing integrated battery system 
• Final battery assembly contains three BB-2590 packs in parallel 


FY15Plans 

• Explore the use of pouch cells in BB-2590 packs to enable a more 
lightweight 28 V battery 

• Investigate the feasibility of a distributed battery architecture on the 
spacesuit to allow for more battery power than is possible within the 
confined volume of the backpack 

POC: Larry Trase, AMPS 28V Battery Lead, NASA GRC (216) 433-5347 




AES Modular Power Systems 
Modular Fuel Cells FY14 Overview 


AMPS Modular Fuel Cells Objectives 

• Advance the development of Non-Flow-Through fuel cell technology into modular 
packages for exploration vehicles to reduce mass and volume while increasing system 
reliability for extended hours of maintenance-free operation 

• Demonstrate advantages of Non-Flow-Through (NFT) fuel cell technology over 
conventional Passive Flow Through (PFT) fuel technology 

FY14 Accomplishments 

• After operationally validating a 1-kW Block I NFT Fuel Cell within a modular package, 
the fuel cell experienced a failure during startup testing on the SCARAB rover 

• After a failure investigation was completed, it was found that the sealing method for 
the Block I fuel cell was insufficient to allow reliable operation of the fuel cell 

• A Block II fuel cell is currently being built with a proven sealing method that has 
successfully been implemented in the past 



FY15Plans 

• The Block II fuel cell will be demonstrated in the modular package originally built for 
the Block I fuel cell in order to validate the lessons learned from FY14 

• A conceptual study of utilizing a modular decoupled regenerative fuel cell system for 
the RESOLVE rover will be completed 

• The Block II fuel cell modular power system will be demonstrated as a modular 
decoupled regenerative fuel cell with the RESOLVE rover as a mission target 

• A benchtop system will demonstrate the ability to meet RESOLVE mission profile 

• The SCARAB rover will demonstrate the ability to provide a mobile power 



platform with a regenerative fuel cell systems 


POC: Monica Guzik, AMPS Fuel Cell Lead, NASA GRC (216) 433-3317 
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Enabling Electric Aviation with Ultra High 
Energy Lithium Metal Batteries 

Goal: Develop a predictive tool to screen and design novel 
electrolytes for development of ultra high energy batteries 

Funding: $275k plus $75k option awarded for 18-month 
performance period from Sept 2013- Feb 2015 



Status: 

- Determined transport properties (computation/ 
experiment) of additional new ionic liquids (Ns) 

- Determined electrochemical window of ILs 
(computation/experiment) 


' ' I ' ' I 

[pyr13][FSI] 



3.2 3.4 


1000/T(K'^) 

Figure 1: Simulation and experimental results for ionic 


conductivity of [pyrl3] [FSI] 


Determined differential capacitance of ILs on electrode 
with applied voltages (computation/experiment) 

Built and cycled coin cells with new additional ILs 
Evaluating the ILs in Li/02 systems using lab cells 

POC: Dr. James Wu, NASA GRC, (216) 433-5231 



Figure 3: Molecular structure of electrochemical 
interface with [EMIM 1 [BF 4 ] 
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Advanced Space Power Systems 

POC: John Lytle, Project Manager, NASA GRC (216) 433-3213 




FY13 FY14 FY15 


Total $K 1708 


865 


Batteries 

FTE 

3.5 

2.5 

Fuel Cells 

Total $K 

3725 

1549 

FTE 

4.5 

1.5 

PV 

Total $K 

2165 

1477 

FTE 

2.5 
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Purpose/Goals/Objectives/Issues 

Purpose/Goals: 

(1) Improve the specific energy of batteries to increase EVA mission 
duration 

(2) Increase the reliability of regenerative fuel cell systems 

(3) Reduce cost of very large solar arrays to enable affordable deep 
space exploration 

Objectives: 

(1) Demonstrate lithium ion cells that meet EVA goals. 

(2) Demonstrate 1-kW non- flow- through fuel cell, 1-kW electrolyzer, 
with associated MEAs and BOP that meet vehicle requirements 
(such as Altair) 

(3) Identify innovative PV technologies and demonstrate performance 
leading to 50% cost savings in a 300 kW array 


Technical Approach/Benefits/Outcomes 

Develop advanced components and integrate them into 

power systems 

Batteries: advanced silicon composite anodes, high 
voltage cathode (NMC), and non-flammable, 
electrolytes that are stable to 5V 
Regenerative Fuel Cells: develop non-flow-through 
fuel cells, high efficiency MEAs and BOP components, 
and highly reliable electrolyzers 
PV arrays : reduce cost of cells, interconnects, 
coverglasses, blankets, strings, and modules 

Beneflt/Outcome: Increasing available power and system 
reliability while reducing mass and cost 


Milestones: Date 

2 "d Non-Flow- Through Fuel Cell Assessed Feb ’ 14 

Electrolysis Concept Selected Mar ’14 

3kW NFT Fuel Cell Stack Delivered Dec ’ 1 3 

Battery Cell Assessment Oct ‘ 1 3 


Products: Date 

Bench-Top RFC Components Built Sep ’14 

Electrolyzer Evaluation Testing Complete Sep ‘14 

PV Technology Demonstration Aug ‘14 

Li-Ion Evaluation Cells Built Aug ’14 

lOOW RFC System Testing Complete Oct ‘14 
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High Energy Li-ion Battery Cells 



• OBJECTIVE: Demonstrate safe, high energy Li-ion battery cells 
scaled to large format size that have a capacity in excess of 210 
Wh/kg with 80% capacity retention after 100 cycles at 10°C. 

• APPROACH: Develop advanced, high energy anode and 
cathode components through a competitive procurement and 
down-select process, integrate into ceiis with fiame retardant 
eiectroiytes and buiid into commerciai-grade ceiis in 
partnership with battery vendors. 

• iMPACT: 

Safe, large format battery cells with specific energy greater than 210 Wh/kg offer 
alternative battery pack design options to small format commercial battery cells 
with a potential infusion path to future battery pack builds for EVA spacesuit 
application through the AES AMPS Project. 

• FY2014 MAJOR ACCOMPLiSHMENTS: 

^ Redesigned baseiine 50 Ah, NCA (nickel-cobait-aiuminum) - C(carbon) ceiis achieved 
200 Wh/kg (22% increase) with >90% capacity retention after 100 cycies. 

^ NCA - Si (siiicon) iarge format ceii design has been compieted and sent to Saft 
America for production. The projected specific energy is 225 Wh/kg at lO^C. 

^ Scaied-up UT Austin nickei-manganese-cobait (NMC) high voitage cathode materiai 
to enabie buiiding and testing of iarger ceiis. Coated NMC cathodes are predicted to 
provide a 20% increase in specific energy over NCA cathodes. 
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Space Power Systems: Key Milestone Report 
MS #4,2,5 100'W RFC Demonstration 



Objective: 

Complete demonstration of 100-W RFC system using passive technology (non-flow-through fuel 
ceil and static-feed electrolyzer) 


Key Deliverable: 

Assessment of passive RFC technology development 

Description: 

• 7-cell non-flow-through fuel cell stack. 

• 5-cell static-feed electrolysis stack. 

• Bench-top RFC “system” comprised of test stations for 
fuel cell and electrolysis subsystems, along with balance- 
of-plant for reactant management subsystem. 

• Initial testing will focus on assessment of round-trip 
electrical efficiency and passive reactant management 
concepts. 



Discharge Cycle 



Charge Cycle 




RFC System Concept 

Significance: 

• System integration of non-flow-through fuel cell and static-feed electrolyzer technologies is a 
necessary precursor to further RFC “system” technology advancement: 

• This 100-W bench-top RFC demonstration will identify parameters requiring further development 
for fuel cell, electrolysis, and reactant management subsystems. 

• This passive RFC design is targeting 10,000 hours of reliable energy storage for space applications. 

• RFC subsystems have synergy with ECLSS/ISRU systems. 


Came Changing Development Program Office 
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Alignment of NASA SBIR/STTR Topics 

• NASA SBIR topics are aligned with one of four Mission Directorates 

• Solicitations focus on technology gaps specific to the particular mission directorate 

• Subtopics in FY14 solicitation with focus on electrochemical technologies led 
by NASA Glenn Research Center: 

- Human Exploration and Operations Mission Directorate 

• X8.01 Solid Oxide Fuel Cells and Electrolyzers 

- Space Technology Mission Directorate 

• Z1 .02 Advanced Space Battery Technology 

- Science Mission Directorate 

• S3. 03 Power Electronics and Management, and Energy Storage 

• STTR topics correspond to current highest priority technology thrusts at the 
NASA Center 

- No electrochemical power technologies sought in the 2014 STTR solicitation 



As internal research and technology dollars shrink, SBIRs and STTRs offer 
opportunities to leverage technologies that are directly applicable to missions for 

potential mission infusion 
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Battery SBIRs and STTRs 



2014 Phase I SBIRs — Funding of up to $125K for 6 months 


• Z1 .02-8653 - Multifunctional Electrolytes for Abuse-Tolerant 5V Li-Ion Space Batteries - PolyK Technologies, LLC 

• Z1 .02-8803 - High Energy Density Solid State Li-Ion Battery with Enhanced Safety - NEI Corporation 

• Z1 .02-8848 - Advancing High Energy Lithium-Sulfur Batteries - Yardney Technical Products, Inc. 

• Z1 .02-9269 - Rechargeable Lithium Metal Cell - Physical Sciences, Inc. 

• Z1 .02-9473 - Ultra High Energy Solid-State Batteries for Next Generation Space Power - Solid Power, Inc. 

• Z1 .02-9486 - Highly Conductive Polymer Electrolyte Impregnated 3d Li-Metal Negative Electrode - Xerion Advanced 

Battery 

• Z1 .02-9604 - High Performance Lithium Sulfur Battery with Novel Separator Membrane for Space Applications - 

Bettergy Corporation 

• Z1 .02-9938 - Li Metal Protection for High Energy Space Batteries - Nohms Technologies 

• S3.03-9142 - High Energy Density Lithium Battery System with an Integrated Low Cost Heater Sub-System for 

Missions on Titan - American Energy Technologies Company 

• S3. 03-9514 - All-Solid, High-Performance Li-ion Batteries for NASA's Future Science Missions - TH Chem, Inc. 


2012 Phase II SBIR — Funding of up to $750K for 24 months 


• H8. 02-941 3 Storagenergy Technologies - Advanced Li/S Batteries Based on Novel 


Composite Cathode and Electrolyte System 



Courtesy: Physical Sciences, Inc. 


www.nasa.gov is 


NASA SBIR/STTR Tochnologios gQ§0 

S3.03-9514 - All-^olid, Hi^Periarmance U-ion Batteries far NASA’s Future Science Missions 

PI: TC Chen 

TH Chem, Inc. - Albuquerque, NM 

Identification and Signifcance of Innovation 


The state^-lhe-art U-ior battery technology is based on pnoo^sing of 
Iftbium transitjon metal oxides, and graphite powder, and use of liquid 
organic electpolytes. It has shcnvn limited room for further pefformance 
improvements in terms of energy density, cycle and calendar life, abuse 
tolerance and cost This has heavily hindered the advancements of NASA's 
future space missions that need rechargeable batteries with higher energy 
density, longer life, and excellent abuse tolerance. In the commercial sector 
of electrical vehicles {EVs) and hybrid electric vehicles ( HEVs), there are 
also urgent needs for rechargeable batteries with significantly higher 
perfomiance characteristics mat appear beyond the potential of cunent Li- 
ion system. TH Chem, Inc. (THC) proposes to team with New Mexico 
Institute of Mining and Technology (NMT) to develop a new, all-solid-state Li- 
ion technology for NASA^ future space missiDns. 


Estintated TRL at beginning and aid of contract: ( Begin: 2 End: 5 ) 

Technical Objectives and Work Plan 

The new battery system is based on developirtent of a novd, all-solid-state, 
3-dirT¥TiiensiDnal (D) battery design that exploits the lull potentials of the 
electrode and electrolyte materials for significantly higher energy density 
(>250 WhflcgX Iwiga" cycle life (>50,D00 cycles), extended operation 
teniper^res and radiaiion tolerance. In Phase I, THC will demonstrate the 
feasibility of the new battery technology by prepairation of the proposed aJI- 
solid-state 3-D batteries via processing of electrode and electrolyte 
precursors, followed by elediochemical evaluation of the test cdls. The 
cmcept of the new Petrochemical system will be demonstrated. THC and 
its team have extensive experience in advanced rechargeable battery 
chemisiries and technologies. 


NASA Applicaliors 

The new battery technology willl provide mote stored energy and power tor 
irriproved performance of NASA's power systems in robotic and human exploration 
missions, satellites, spacecraft, and probes. 


Non-NASA Applications 

New battery technologies with impreved performance charactehstics have 
extensive applications in commercial products including electric vehicles, laptop 
computers, vi deo cameras, sensors, portable tools and other consumer products. 


BaHERV PfPFOftMANCE UiARACTEftl&TICi COMPAftlSON 
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Firm Contacts TC Chen 

TH Chem, Inc. 

9006 Cascajo NE 
Albuquerque,, NM, 87111-2202 
PHONE: (SOi) 61D-6027 


NON- PROPRIETARY DATA 


COR: Concha Reid, NASAGRC, 216-433-8943 
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NASA SBIR/STTR Tachnologies 

S3.03-9142 - Energy Density Lithium Battery System with an Integrated Low Cost Heater 

System for Missions on Titan. 


JBiR 

irm 


PI: Igor Barsukov 

American Energy Technologies Company - Arfngton Hei^uls, IL 


Identification and Significance of Innovation 


The opportunity presented to NASA with this project is to conduct a ttiofough 
feasibilhy study into the development of a LiiCFK battery. We describe a 
rattonale for the devetopment of AETC battery over the incumbent Li/SO(2 
battery which powered the Huygens probe that parachuted on ttie surface of 
Trtan in Jan. 2DD5 as part of the joint ESA/NASA{JPL) Cassini-Huygens 
mission. We anat>se the Huygens probe and propose how AETC's oattery 
can help radically improve its de^n. The second source of opportunity tor 
NASA with this project is to address concerns with the af^ication of 
Radioactive Heating Units as heat sources. According to the DOE in 2005 
ttie U.S. government owned 871bs of 238Pu02, of which roughly 36lbs 
remain earmaiied for NASA. A tangible opfxirtunfty exists with AETG's 
500+Wh/kg Li/CFx battery to dedicate a portion of its energy for the 
operatian of a built-in healer subsystem. As a result, in Huygens-type probe 
the number of RHUs could be reduced from 35 to le^ than 20. 


Esfin^ated TRL at beginning arrd end of contract: { Begin: 3 End: 5 ) 



Technical Objectives and Work Plan 


NASA Applications 



The objective of the profect is to help enhance technological superiori^ of 
NASA's deep space exploration systems by developing and corrvnerciaJizing 
a Lithium/Cartion Monofluonde battery system as a primary power source for 
the on-board DC power modules in parachutable probes and landers. The 
key components of the work plan are enumerated: AETC will design, 
ntanufacture and test batches of ^650 cells of spirally wound configuration; 
we will undertake a feasibilfty study of Li/CFx molded cathode cell design. 
The key novelty of this design will be a tiansilion from conventjonal thin film 
past&j electrodes to compression molded cathodes of engineered porosity 7 
akin the design of primary alkaline cells. CFx will be then diluted with an 
engineered amount of Mn02 and tested for how rt can support discharges 
with 1.65A {Huygens load profile); ofttimizalian of cell performance will then 
ensure by developing and manutecturing. the unique additive materials to 
include new forms of conductive carbon; further AETC will develop an 
integrated heater subsystem by pertorming significant calculations, mod^ing 
& sy^em design engineering work in onJer to develop a "smart" ndwork of 
resistive heaters which will be powered by a Iraction of energy taken from 
the excess energy budget of the U/CFx battery. Lastly, in wonting with 
Lockheed Martin, AETC will develop initial system int^ration designs for a 
NASA lander platfomn. The asteroid explorer program, OSIRISi-REx is under 
consi deration. 

COR: Thomas Miller, NASAGRC, 216-433-6300 


The proposed development of uHra-high energy density, inherently safe and 
efficient advanced battery system is geared towards benefiting several groups of 
applications within NASA. Th^ include the next generation safe batteries tor power 
systems on lunar rovers, ascent systems, EVA suits, re-entry vehicles, etc. Non- 
Govemment space programs (r.e. commercial space exploration) will likely also use 
the battery platform in order to replace banks of lithium-ion batteries on reentry 
vehicles. 

Non-NASA Applications 

Applications on Earth for this technology include: medical battens; power sources 
for remote unmanned sensors; batteries for Army Missions; consumer electronics: 
and in the PC computer world: CMOS backup battery; high-end computer 
redundant array of independent disks (RAID) disk controllers, etc. 


Film Contacts Igor Barsukov _ 

American Energy Technologies Company 
22DW Campus Ct, Unite 
Arlington Heights, IL_, 60004-1479 
PHONE: (847)414^788 
FAX: {773)283-0383 


NON- PROPRIETARY DATA 
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NASA SBIR/STTR Tochnologie# 

Z1 .D2-8E63 - MuHHunclional BectrolytBS fior Abuse-Tolerant GV Li-jon Space Batteries 


_JB!R 

fUR 


PI; Naryan Zhang 

PdyK Technologies, LLC - State CoHege, PA 


Identification and Significance of Innovation 


The hev innovatfar of Itiis SBIR prefect is a multrlijnciicinal electrolyte that 
will enable tbe use of 5 V abuse-tolerant cathodes to achieve high energy 
density and high reiiability. The mr-tlafTimability of the ionic liquid 
electrolyte, the supeiior low and high temperature performance, and tiie 
abuse-tolerant nature of the high voltage cathode, will ensure a high 
reliability lithium lor battery wtm signrficantty improved energy density for 
NASA space rrisstons. The safety of Ihhium ion battery has been a serious 
issue limiting the use of large size battery in rrore applicalians due to the 
flammable caitjonate solvenits and the un-conliolled oxidization of the 
cathode urrdef abuse conditions. This SBIR Phase I preset will develop a 
patent-pending multifunctiDnal electrolyte that is electrochemically stable at 5 
V vs UfLi for many charge^ischarge cycles to enable the adoption of the 
abuse-tolerant 5 V cathodes in large size batteries. 


EstTnated TRL at beginning and end of oontract: ( Begin: 2 End: 4 ) 
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Technical Objectives and Work Plan 


NASA Applications 


The Phase I project will evaluate the perfoiman ce of tbe multifunctional 
eleefrolytes in coin cells made with LiCoP04 cathode. Compatibilily of the 
ionomerAonic liquid electralyte with the 5 V cathode will be thoroughly 
examined to demonstrate the feasibility of the abu3&4oleranit 5 V nigh 
energy density lithium ion battery technology. Various abuse tests will be 
perfoimed such as overcharging, ^ort drciit. crush, nail p^etiation and 
high temperature exposure. Low temperature test of the coin cell will be 
penbrmed at <-40 degree Celsius. S^ematic cycling test will also be 
performed to meet Ihe NASA requirement of 1,000 charge-discharge cycles. 
In addition, the feasibility to use lithium metal anode win also be examined to 
further improve the energy density of the lithium ion battery. 


Breakthrough battery cell technologies that far exceed the specific energy and 
energy density of current state-of-the-art lithium-ion cell technologies are required 
to achieve MASAs far-term energy storage goals for human and roboti c missions. 
The high-voltage abuse-toteranflnhium ion batteries to be developed in this project 
will have the critical reliabilhy, safely, energy density, and long lifetime for 
mission crttical NASA space applications. 


Non-NASA Applicatiors 

The high en^y density and abuse-tolerant lithium ion batteries have numerous 
applications in military, consumer electronics, energy industry, and transportalian 
irxtuslry, such as soldier power, auxiliafy power such as in a silent watch 
applir^on, cellular phones, laptop cotTtputers, power t«ils and transportation in an 
electric, hybnd electric vehicle or in avii^on. 


COR: Brianne DeMattia, NASA GRC, 216-433-2511 


Finn Contacts Many an Zhang 

PolyK TechntJogies, LLC 
19B1 Pine Hall Road 
State College, PA, 16801-2436 
PHONE: (8l4) 308-0778 
FAX: {814)806-2410 


NON- PROPRIETARY DATA 
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NASA SBIR/STTR Tachnologio* 

Z1 .02-8803 - Hi^ Energy Density Sold State Li-ion Battery with Enhanced Safely 


_JB!K 

JTTR 


PI: Nader Ha^ 

NEI Corporatnn - Piscataway, NJ 


Identification and Signifcance of Innovation 

While rechargeaUe Li-ion batteries are attractive energy storage systefins 
due to tiieir high energy and power densities the untavorable side reactions 
between the electrodes and the liquid electrolyte adversely impact the 
pefformance as well as safety. Thus there is a need for a safe, stable and 
non-f1arT¥Tiable ^ctrolyte. The proposed program will eliminate the 
flammability issues of Li-ion batteries, thereby leading to a safer device with 
high thermal and mechanical stability. The primafy o^ective of the Phase I is 
to demonstrate that the recently invented solid electrolyte can be formulated 
into a usable form in a practical Li-ion battery, and that traditional challenges 
associated with the use of a solid electrolyte can be overcome. A successful 
Phase I program will lay the foundation fbrfMototyi^ cell and cell-pack 
demonstiatjon in Phase II, where U-ion cells will be designed, assembled, 
and tested to meet the reqLirements of NASA for safety, cycle life and 
energy density. 


Estimated TRL at beginnirrg arrd end of contract: { Begin: 1 End: 3 ) 

Technical Objectives and Work Plan 
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NASA Applications 


The primary goal of the Phase I program is to advance the state of the art of 
solid electrol^ system by demonstrating that the key challenges associated 
with this system can indeed be overoome, th^by leading to a practical , 
safe, and reliable energy storage system with high energy den^. 

Technical Objectives: 

{!) To fabricate an all solid state etectratyte with unique structure thaft utilizes 
ihe organic Domponent to produce a unique morpholDgy and a highly 
conductive and flexible network, along with structural characterizatjon, and 
(ii) To demonstrate proof of concept for all solid state electrolyte capable of 
reversible and stable cycling with cell level energy den^ of greater than 
50DWIVkg (gravimetric) ana 2700 Wh/1 {voliMnetnc), while mamtalning 
of initial capacity after 500 cycles under lull depth of discharge. 

Work Plan: 

Prepare artd synthesize of suitable cathode particles for solid state system; 
Synthesize of solid state electrolyte; 

In corporate organic component into solid electiotyte; 

Characterize the structure of the cathode and composite solid ^ctrolyte; 
Determine Ionic conductivity and LI transference number for electrode and 
solid elecirolyte sheets: 

Perform electrochemical cell testing using metallic anode; 


Safe and reliable hij^ energy density storage devices with wide temperature of 
operation are required for Altalr-lunar lander, extravehicular activriies (EVA space 
suites) rovers for missions to outer planet, moon and asteroids. NASA's James 
Webb Space Telescope (JWST), and InterfiatiMial X-ray Observatory (1X0). 


Non-NASA Applications 

The non-NASA applications include laptops, mobile phones, PDAs, portable TVs, 
radios, camcorders, electric razors, digital cameras, energy storage for renewable 
power generation (e.g., solar panels and wind turbines), electric bikes, automotives, 
and a wide range of military and aerospace applications such as power tor sensorsj 
and army soldier conformal batteries. 


Film (Contacts Gan^ Skandan 
NEI Corporation 

2D1 Circle Drive North, Surte 102/1 03 
Piscataw^. NJ, 08854-3273 
PHONE: (732) ^68-3141 
FAX: (732)868-3143 


NON- PROPRIETARY DATA COR: Dr. Fred Dynys, NASA GRC, 216-433-2404 
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NASA SBIR/STTR Tschnologies 

Z1 .02^348 - Advancing High Energy Ulhium-SulfLr BaHeiies 


mm 

fTTR 


PI; Joseph Gnanar^ 

Yardney Technical Products, Inc. - East Greenwich, Rl 


Identification and Significance of Innovation 


Uttiium-lon batteres liave been a main source of energy tor many 
aerospace applications over (he past decade. FutiMO space rrissions are 
facing a number of cbaJlenging requirements, including significant increase 
in specific energy, approaching 500 Wh/kg, and energy density of 7DD Whfl 
at cell level. Compared to state-of-the-art technology today, a reduction in 
mass and volume are necessary, along with improvements for functioning in 
tiarsti space environmerTts and an increase in reliability. Yardney Technical 
Products, Inc., a world leader in cutting-edge battery technology, in 
collaboratjon with Ptrrdue University, proposes developing lilbium-sulfur 
battery technology. This will have a calhode based on a novel, sulfur 
mesoporous carbon conposite. In addition, Ihe proposed Phase I research 
will include lithium dendrite suppressive electro!^ for a significant 
improvement in safety. 


Eslinrated TRL at beginning and end of conlract: ( Begin: 2 End: 4 ) 

Technical Objectives and Work Plan 



NASA Applications 


Technical Objectives 

1 . Synthesize highly efficfent high capacity sulfur cathode. 

2. Develop safe nonflammable dendrite-suppressing electrolyte system 

3. Manufacture lithium sulfii' cell that has excellent cydeabilily and 
Coulombic efficiency. 


Li-S batteries find various applicatjons in NASA's deep space missions where areas 
of emphasis include weight and volume performance improvement and safely 
advancements in human-rated systems. Possible applic^ons include 
extravehicular activities, landers and rov^. 


Work Plan 

Synthesis and characterizatian of sulfur-carbon composite cathode with high 
reversible energy density (>50% S content) 

Manufacture 1QQ-2D0 m^ Li-S cells with improved safely characteristics 
Perform elecliochemical evaluation of new Li-S cells 


Non-NASA Applications 

The proposed U-S battery may be used on military appli cations such as 
SmalliMIcro Unnranned Aerial Vehicles where fight-weight, high-energy power 
sources are needed. Value can be found in electrically powered weightfvolume 
sensitive appiicafions, i.e., portable cmsuma' electronics, power tools, 
telecommunications and h^rid electric vehicles, applications where dense 
energyysafety are paramount. 


COR: Dr. Patricia Loyselle, NASA GRC (216) 433-2180 


Firm Contacts John Dufrat 

Yardney Technical Products, Inc. 
2DOO South County Trail 
East Greenwich, Rl, D2818-153Q 
PHONE; (4Q1)471J6SS0 
FAX: (401)471-6599 


NON- PROPRIETARY DATA 
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NASA SBIR/STTR Technologies 

Z1.02-S(269 - RechageaUe LHhiuni Meld Cell 


IBtR 

fTTR 


Identification and Signifcance of Innovation 


PSI proposes to develop a rechargeable Ihbium metal cell viiilh ertergy 
dersity MDDWh/kg. DiMing Ptiase I, PSI will build poucb cells 
demorstiating tbe cycling efficiency of ils lithium metal cell design. A 
specialized eleclrol^ will be developed that maximizes the cycle life and 
offers comparable perfomiance to conventional etectrotytes designed for 
graphite cells. A composite separator tailored to efficienitly operate with the 
electrolyte will be used to provide a reduced difUision distance betwean the 
anode and cattiode. Phase I t^ng will demonstrate each component can 
be scaled to allow the conslructian erf Ati poucb cells. Phase II will focus on 
building multi amp hour cells that achieve Ibe targeted energy density, 
dOOWtVkg. 


PI: Christopher Lang 
Physical Sciences, Inc. - Andover, MA 

The P5I Lithium Metal Tech nologv together with Advanced DGE Calhodes 
Incre^^s the Energy Density >?d% G*/er COTS Craphite-NCM Cell^ while 
Eliminating Anode Produdwn and Processing Costs and SimpHifying Construdion 


Esttniated TRL at beginning and end of contract; ( Begin; 2 End: 4 ] 
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Technical Objectives and Work Plan 

Wodi Plan: 

During the proposed Phase 1 PSI will: 

- Construct and test lithium metal poucb cells. 

- Develop a customized etedrolyte for use in the cell. 

- Develop a composite separator. 

- Construct and measure ttie performance of Ab sized cells. 

- Scale-up Ibe relevant preparation techniques. 

Tecbnical Objectives; 

- Construct pouch sized lithium metal cells and demonstrate the ability to 
achieve capacity retention over 5D cycles. 

- Develop an eleetTotyte that supports >38% of Ibe C/2 discharge capacity 
achieved witb a carbonate electrolyte. 

- Develop a composite separator of <1 0 micrors that supports >98% of tbe 
C/2 disebar^ capacity achieved with a conv^tional separator. 

- Produce lAh pouch sized lithium metal cells that will enable energy 
densities of >400Wh/kg to be achieved on further scale-up. 


NASA Applications 

Tbe pioposed cell technology could be utilized in all NASA batteiy applications. In 
particular the rechargeable lithium metal cell technology could be used in any 
mission or application that requires low mass and low voliMne. The absence of an 
intercalation component or Ibe negative electrode allows for higher discharge rate 
capabilities. Appli cations include EVA suits, landers, rovers, habitats, vehicle 
power, and power tor payloads. 


Non-NASA Applica.tions 

The inital maritet tor the proposed technolcigy is military aerospace applications 
where space is limited and battery energy density is. critical. The technology would 
be well suited to pow^ng microdevices, such as remote sen^ng devices. Tbe 
system may be used in emergency power generators and as a reptacement for 
current power source employing pnmafy and thermal batteries. 


Firm Contacts 


NON- PROPRIETARY DATA 


Cbristofrfia' Lang 
Physical Sciences, Inc. 

2D New England Business Center 
Andover, HA, 01fl10-1D77 
PHONE: (97^) 60&-QQO3 
FAX; /97St 6a»-3232 

COR: Thomas Miller, NASAGRC, 216-433-6300 
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NASA SBIR/STTR T«chnologioi 

Z1. 02-9473 - Ulra High Energy Solid-Stale Batteries Ibr Next Generation Space Power 


PI: Joshua Brjettner-Garrelt 


IBtR 

fJTR 


Solid Power, Inc. - Louisvile, CO 


Identification and Signifcance of Innovation 

All solid-state rechargeable battery; 

1 ) Highest capacity of any known cathode, >7QQ mAh^ based on totai 
cathode mass including elecfrolyte 

2) Projected ceil-levei specific energy >6D0 Whflcg and energy density >900 
WWL 

3) Made jp of Earth -ab jndant materials 

4) Mo selt-discharge 

5) Inherently safe 

6) Considerable high terrip. stability (>15DC) 

7) Long-term stable cycling with lithium metaJ anode using the proposed 
modified ceramic separator 
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Estimated TRL at beginning and end of conlract: ( Begin: 3 End: 4 ) 

Technical Objectives and Work Plan 

Task 1; Demonstiate and reline process for depositing ceramic electrolyte 
laya^ that prevent Li dendrite growth 

Task 2; Minimize separator thickness while maintaining reliable operation 
Task 3; Demonstrate high energy density cell stacks in coin c^ls in 
preparation for larger Phase II prototypes 


NASA Applications 

Broadly speaking, the proposed safe, ultra high energy and low cost could see use 
in a broad array of NASA missions includng: 

1) exploration vehicles 

2) extra-vehicular acfivity {EVA) equipment 

3) landers and rovers 

4) human habitat systems 
eJ planetary orbtters. 

If successful, tire proposed technology will increase each NASA application's 

Non-NASA Applications 

Potential to impact virtually every sector of the S2Q+BN rechargeable battery 
market. Potential Non-NASA ai^ications include: 

1) Commercial and milrtary satellites 
Commercial and milrtary aircraft 

3) Military power {e.g., UAVs, ground vehicles, portable power, etc.} 

4) Electric vehicles 

Firm Contacts Dougl^ Campb^l 
Soilo Power, Inc. 

686 S. Taylor Ave., Suite 108 
Louisville j:0, 8DD27-3000 
PHONE: f72Q) 301^8167 
FAX: {72D)3(XT8167 


NON- PROPRIETARY DATA COR: Dr. James Wu, NASA GRC, (216) 433-5231 
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NASA SBIR/STTR Tschnologies 

Z1 .02-348S - Highly Conductive Polymer Bedrolyte Impregnated 3d Li-Metal Negative Electrode 

PI; Thuy Dang 


IBiR 

ITTR 


Xeiion Advanced Battery 

Identification and Significance of Innovation 

XABC proposes a novel anode with three unique fsatures, each designed to 
1 ) conliol or prevent dendrite ^wth. The first feature is a 96% porous 
electrode architecture called StiucturePore? whose internal structure are 
confonnal coated with lithium metal. The continuous nature of the foam will 
contain dendrites as Ihev form. 

The second feature is a five micron mask that, when applied to the surface 
of the 3d foam, prevents electrodeposition of lithium metal near the surface 
of the electrode, hence preventirtg growth of lithiiMn dendrttes near the 
surface. 

The Ihiid feature is a novel, highly conductive ionic fluid rigid-rod polymer 
composite expected to achieve 8.3x1 D''-3 S/cm''2. FUgid-rod polymers have 
a tensile modulus that is 37x - 62x stronger than pdyethelyene. This 
strength may physically deter or prevent the growth of lithium dendrttes. 

XABC believes thaft the novel combination of these three features will enable 
stable cycling of lithium metal cell. 

Estin^ated TRL at beginning and end of contract: ( Begin: 6 End: 7 ) 


- Champaign, IL 


MlfliHLY C:ONOUCT|V^ ROUYMEn IMPR&^>NATE:p 
3d I_i-MetalI_ Negative Electrode 

\ s I Sj. R 

■ ? 1 ^The topregkmw^Blw rrwBkBcllo RRE'^%/ENJTI 

DEr-JDRIT E ::^- gr<i«ilh nepr Iho IHr-J I 3 ‘ r 

-burloca-. ^ F=? OiVTh 

vAOr- wWi tniam wl* tuBfrstfl- 

XK^rnioBRy till atacUod*. XABC will usi 

am wilh lithium 3? Ths B4rBritfPi ol X^BC's rigHi rod highly COrKfcJC 

al. Dendrflea ^ksly^Mf^wll oMi^uaij-ftla rigiki riod poly? 

iinq inside the dnnJuiii ^owili. aleclKOlVle Wh 


Rre-^%/enj ti m g 

3ii-M r 1 
C R O iVTH 


XABC will 

eiectrcjcHianiiGaity till 
its l[>em wilhk lithium 
melal. Dendrilea 
growing insicle the 
ToajfYI Wiill th8 
COnrtain^. A mask 
will (Movent 4orTad« 
gr-Cjwth- 

MASA 

21-OS-^^eS 



XABC will use ^ 
highly coixluctlve 
rigiki poly^niQr 
aldclKDlyle vi^hoee 
eirgngih w|i 
'^uppres's diarbdiriLd 
gncwth 


mma 


Technical Objectives and Work Plan 

1 )Develop Polymer - XABC will develop a strong {28D GPa modulus)^ rigid 
rod ionic liquid polymer coniposite expeded to achieve a condur^vity of 
fl.3«1D''-3 S/cm"2. 2JQuar1ify How Dendrites Grow in Masked StructuiePore 
foam{tm) - XABC will determine the degree to which dendrite growth is 
frustrated by a masked StiuciurePore(tm} 1bam. 3]Measure the Potymeris 
Effects on Dendrite Growth. *VWoi1( Plan* 1)Dendrite Analysis of 
StructuiePore(lm) foam - XABC will use SEM and non-destructive 3d XRay 
CT to detemnine me degree to which SlructurePare(lm) foam hinders 
dendrite growth. 2)Monomer Synthesis - XABC will syiithesize required 
monomers for polymer synthesis. 3)Polymer Synthesis - XABC will 
synthesize required polymers for film fabrication .4)Doping - XABC will study 
the effect of two dopante. to include an ionic-liquid, and measure their effect 
on oonductivtty.5]F1lm Fabrication - XABC will cast films of the doped 
mlymers. 6X^haracterization - XABC will characterize the films via 
Eledrochenrtical Impedance Spectroscopy (EIS) and mechanical testing on 
an Instron testef.7}Dendrite Analysis of Polymer Rim - XABC will use SEM 
and non-destructive 3d XFtay CT to detemiine the degree to which the 
polymer film hinders dendrite growih. This test will be conducted in a coin 
cell with commercial cathode and lithium metal anode. G)Polymer 
Downselect - XABC will choose the best doped polymer system. 


NASA Applicatiors 

A secondary battery with a net energy density greater than 590 Wh/hg. Given 
design constraints, an energy dense battery would be smaller and allow for the 
deployment of larger, more complex sensors. More importantly, the use of a strong 
solid electrolyte would significanify increase the safety of the battery, allowing it io 
be deployed as a critical component. Such a cell would also reduce operatjonal risk 
when d^loyed on probes, rovers and the like. 


Non-NASA Applications 

XABC will focus on applications of high desirability in three of the following potential 
market segments: 1} Military, DoD and NASA applications where enhanced 
performance at a much lower weight is highly desirable. 2) Portable eler^onic 
devices especially in the rapidly growing mobility market for laptops and phones. 3) 
Automotive af^icalion fncr electnc and Fiybrid v^icles. 


Firm Contacts Thuy Dang 

Xenon Advanced Battery 
6D Hazlewood Drive 
Champaign, IL, 61GQ2-7490 
PHONE: 7) 377-eS8S 


jjQ jj_ pjjQP j DATA COR: Brianne DeMattia, NASA GRC, 216-433-2511 
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NASA SBIR/STTR Tachnologies IBtR 

Z1 .02-9604 - High performanoe lithium sutfix battery with novel separator membrane for space 

applications 
R: Un-Feng U 

Bettergy Corp. - Peekslcil, NY 

Identification and Significance of Innovation 



Cumefit statfr<if-4tie-art lifriium ion batteries cannot meet the power souroe 

S uirement for the future NASA tiumaii and robotic mission. The baftter^ 

1 extremely high specific energy (>500 Wh/kg) and lofig cycle life are 
urgently sought after in order to r^uce the payload weight. New oirt-of-box 
battery chemislries and components need to be developed. 



Est'mated TRL at beginning and end of contract: ( Begin: 1 End: 3 ) 

Technical Objectives and Work Plan 

The objective erf this proposal is to develop and commercialize this novei ion 
selective membrane, ultimately high specific energy and long cycle Irfe 
Ifthi jm sulfur battery tor space and oomriercial apF^icafions. 

In the Phase I (xogram, this novel ion setective membrane will be developed 
and tested along with Ihhium sutlide based cathode material to develop high 
specific energy, long life lithium sutfur battery. 


NASA Applications 

It can provide high energy density, sale lithium Sulttr battery for future space 
mission. 


Non-NASA Applications 

Provide high energy density, safe lithium SulfiF battery for future 
space mission; 

It can be used to replace low energy den^rty primary IhtiiiMT) 
battery for military applications, such as UAV; 

It can be used as the power source for portable electronics and 
electric vehicles. 


Firm Contacts Un-Feng Li 

Bettergy Corp. 

S John Walsh Blvd., Suite 321 
Peekskill, NY, 1D566-S330 
PHONE: (914)290-6293 


COR: Dr. James Wu, NASAGRC, (216) 433-5231 


NON- PROPRIETARY DATA 
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NASA SBIR/STTR Tachnologies 

Z1.D2-9'93S - U metal protection Ibr Energy Space Batieries 


IBtR 

irm 

PI: Sirya Moganty 

Nohms Technologies - Rochester, NY 

Identification and Signifcance of Innovation 

NOHMs Tectinatogies proposes to develop a novel ionic liquid eledrolyte 
tdmulation deveioped for ttie Uthlum-SiulfLjr clierrisliy (hat car protect (he 
Ihtiium metal and has demonstrated sppeflor perfotmance and safety 
characteristics with the potential to offer 6DQ Wtifkg on the cell levi^. NOHMs 
will provide full cell data and analysis to demonstrate the feasibility of our 
system to me^ HASA^ 'Far Term Mission' specific energy and energy 
density goafs. The battery technology under deveiopment by NOHMs is 
enable of delivering batteries with ^dfic energies that are three times 
higher than toda/s state of the art LHon baltery systems. For NASA 
mrssions, this can be translated into increased operatianal range, 
tunctionality, or payload capabilhies and sigrafi cantly reduced operational 
cost NASA applications. 




mm 

CfdK Ufr 


no 

IJOKKl 

10 

flWUP 


im 

iWO 

fVA 

_270^ 

Z5Q 

im 




IVJ 

fdf TltmilMlitmi 

IDO 

IDO 

ISO 


lED 

400 

EOril 

PtUM 1 ObtKtm 


CIS 

EDO 


Esli'mated TRL at beginning and end of contract: { Begin: 3 End: 4 ) 

Technical Objectives and Work Plan 

The primary objective of this Phase I research and devefopment is to 
increase the safety and energy densities of NOHMs Technologies high 
energy density Li-S batteries to meet NASA's requirements for Near-Term 
and Far-Term Space Missions. We propose to achieve this goal using 
NOHMs Technologies proven nanostruclured sulfur-t^rbon (S|^C) 
composites to increase the energy density and to develop ionic liqLid 
electrolytes to pnovade protection for the Li-metal. 

The wortr plan for this SBIR Phase I proposal includes synthesizing and 
characterizing ionic liquid electrolytes, making poty(ionic} miembranes and 
assessing the Li-metal protection and testing the membranes and 
electrolytes with full pouch cell studies for high energy, safe operaftion and 
long cycle life. 


NASA Applicatiors 

Advanced batteries with 2-3X impriDved performance are required for future space 
missions. These uses include batteries for astronaut equipment and EVA suits, 
crew exploriftion vehicles, in^pace habitats, surface habitats, humanoid robots, 
landers, ISRU, ISS astronaut equipment, life support systems, and photovoltaic 
energy storage. Successfully deployed safe lithium-sulfur batteries would result in 
significant niass and vol iMne savings and operatianal flexibiltty. 


Non-NASA Applications 

High energy, safe Lithium-Sulfur (Li-S) batteries are needed in the consumer, 
automotive vehicles and grid energy storage market. Li-Sutfur batteries have a 
theoretical storage capacity erf 2.3 kW.ikg and offer one of the highest theoretical 
energy densities among rechargeable batteries and can yield a dramatic 3-4x 
reduction in weight size, and cost to present day Li-ion batteries. 


Firm Contacts Shivaun Archer 

Nohms Technologies 
1200 Ridgeway Ave, Suite 1 10 
Rochester^ NY, 14615-3714 
PHONE: (iSS) 645-0041 


NON- PROPRIETARY DATA 


COR: Concha Reid, NASA GRC, 216-433-8943 
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2012 Phase II NASA SBIR/STTR Tochnologies wnmD 

H8.D2-9413 - Advanced Li/5 Batteries Based on Novel Composite Cathode and Electrolyte System 


PI: Yiyun Yang 

Stoiagenergy Technologies, Inc. - Salt Lake City, UT 


Identification and Signifcance of Innovation 

Energy storage devices in many aerospace appljcatians are facing unique 
challenges. Most of such aniiicalions depend on tigh-performance. highly 
specialized battshes. NASA desires high specific energy baitteries that are 
safe for human exploration missions. Sincse none exist today, they must be 
developed. Rechargeable Ihhium-sulfur (Li-S) batteries offer great patenliaJ 
as high energy power supplies for NASA. Its theoretical specific energy of 
2600 WtVkg is one the highest known using non-gaseous consfituents. 
The materials themselves are light, energetic, inexf^sive and readily 
available. It is highly desirable to develop new sulfur composite materials, 
novel electrodefcelf configurations, and efficienit electrolyte that can 
O'Vercome these prtAlefTis, therefore advance Ihe Li-S technole^ dose to 
commercializalian. 
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Estimated TRL at beginning and aid of contract: ( Begin: 3 End: 5 ) 

Technical Objectives and Work Plan 

The overall objeclive of Phase II is to develop a low-cost, high energy 
density, and long cycle life Li-5 batteries. The target cell pe^ormance goals 
are as fallows: (1 ) cost $1DD^Wh, (2) discharge capacity > 1,DDD mAh/g of 
sulfur (600 mAh/g of the whole cathode}, {3^} energy density of packaged cell 
> 5DD Wh/kg, and ( 4 ) cycle life > 1,000 cydes with less than 20 % capacity 
loss. 

We will initially focus on optimizing Ihe cathode corripanenls, carton coated 
separator as well as novel ^clrdlyte. We will then incorporate high enargy 
density cathode materials and evaluate the Ahifkg capaci^ performance and 
Whr/hg energy density of test cells. In parallel, scale-ip big size cells will be 
designed and prototy^ batteris will be assembled and evaluated. 
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NASA Applications 

The proposed Li sulfur batt^ systems will enable po*t^r and energy storage for 
future sdence and exploration missions such as; mi ssions using eleciric piopuIslDn, 
robotic missions, lunar exploration missions to NEO and MARS, crewed habitats, 
astronaut equiprnent, robotic surface missions to Venus artd Eiaopa, pdar Mars 
missions and Moon missions, and distributed constellations of mlcro-spacecran. 


Non-NASA Applications 

The Li sutfur battery system also offers benefits to other national needs. This 
includes national defense systems such as unmanned aerial vehicles, unmanned 
underwater vehicles (AUVs), and soldier portable power systems. Benefits to the 
terrestrial energy sector include: aJI-elecIric and hybrid cars, grid-scale energy 
storage systems, smart grid, and remote, off-grid power systems. 



Firm Contacts Lynn Zhang 

Storagenergy Technologies. Inc. 

3096 W 1987 5 

Salt Lake City, UT, 341D44904 
PHONE: (SQlJ 80^1303 

COR: Dr. Patricia Loyselle, NASA GRC (216) 433-2180 
NON- PROPRIETARY DATA 
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National Aeronautics and Space Administration 

Fuel Cell SBIRs 

2014 Phase I SBIRs - Funding of up to $125K for 6 months 

• H8. 01 -8950 - NexTech Materials, Ltd. - High Efficiency Direct Methanol Solid Oxide Fuel Cell 

System 

• H8. 01 -9586 - MO-SCI Corporation - Development of Hermetic Sealing Glasses for Solid Oxide Fuel 

Cells 

• H8. 01 -9741 - Yanhai Power, LLC - Fabrication of T-SOFC via Freeze Cast Methods for Space and 

Portable Applications 

• H8. 01 -9874 - Paragon Space Development Corporation - Integrated Electrolysis and Sabatier System 
for Internal Reforming Regenerative Fuel Cells 



Phase II SBIRs - Funding of up to $750K for 24 months 
• 2010 

- X8. 01 -8730 Sustainable Innovations, LLC - Advanced Passive Liquid Feed PEM Electrolyzer 

• 2012 

- X8. 01-9759 ITN Energy Systems, Inc. - Advanced Manufacturing 
of Intermediate Temperature Direct Methane Oxidation Membrane 
Electrode 


Non-flow through Fuel Cell 
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NASA SBIR/STTR T«chnologio» 

H8.01-895D - High Effidency Direct Methane Solid Oxide Fuel Cel System 

PI: Scott Swartz 


fBiR 

fTTR 


NexTech Materials, Ltd. - Lewis Center^ OH 


Identification and Significance of Innovation 

NASA has a defined need for energy dense and highly efiiDient power 
systems for future space missloris. Compafied to other ftief cell 
tecfinologies, solid oxide fuel cell {SOFC} based sy^ems are belter surtsf to 
meeting IMAP's efficiency targets while operating directly or methane and 
oxygen reactants. MASA has established ar aggressive set of requirements 
that presents a trefnendous challenge to tradrlional SOFC technologies. 
NexTech Materials has established SOFC technolo^ that offers high power 
dersity with direct internal fuel refomning and high singleness lud utilization, 
making ft uniquely suited for achieving NASA's perfamance and efficiency 
requirements. In his project, NexTech will leverage its experience 
developing lightweight energy dense SOFC systems for the U.S. military to 
develop an SOFC system that meets NASA's power system requirements. 



Estimated TRL at beginning and end of contract: ( Begin: 3 End: 4 ) 

Technical Objectives and Work Plan 

Technical Objectives: 

-Establishlieijne process model to predict stack operating conditions to 
define parameters that enable 7D percent Metrical efficiency to be achieved 
in the stack operating with methane and oxygen . 

-Complete a comprehensive design of a high efficiency, 2-kW scale SOFC 
stack 

-Evaluate alternative stack repeat unit designs with potential for improving 
stack perfomvance, efficiency, size and weight 

-Evaluate alternative stack repeat unit designs with potential for improving 
slack performance, efficiency, size and weight 
-Analyze the requirements for start-up of the SOFC system, establish a 
preliminary start-up protocol and estimate the minimum stah-up tme. 
-Perform short-stack testing to validate stack designAnodeling assumptions, 
to demonslrate targeted stack performance and thermal cycling capability. 
Work Plan: 

Task 1. SOFC Process Modeling and System Design 
Task 2. Stack De^n and Modeling 
Task 3. Stack Validali«i Testing 
Task 4. Project Management 


COR: Dr. Patricia Loyselle, NASA GRC (216) 433-2180 


NASA Applications 

Solid oxide fuel cells have promise to meet some of NASA's emaging power 
generation system needs. An SOFC power system using the same reactants as 
the propulsion system (cryogenically stored oxygen and methane) can provide 
exceptional energy densfy. Lunar landers or other ex|rioraljan vehicles are an 
ideal application of this te^nology. SOFC systems also may find uses on the 
trtoon or on Mars for generating power from hydrocarbons produced from In-Situ 
Resource Ulilizatjon technologies. 

Non-NASA Applications 

The technology is direetty applicable to unmanned underwater v^icle applicalions 
of interest to the Navy. The technology also can be adapted for other milrtafy 
power applicalions, such as gen-sets, auxiliary power units and unmanned aerial 
vehicles. The internal reforming SOFC technology to be developed in this project is 
directly applicable to resjdentjaTmicrcMXjmbined neat and power systems. 


Firm Contacts Scott Swartz 

NexTech Materials, Ltd. 

4D4 Enterprise Drive 
Lewis Center, OH, 43035-9423 
PHONE; (614) S42-66Q6 
FAX: (614) 842-6607 
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NASA SBIR/STTR Tschnologios 

H8.01-9586 - Development of Hemnetic Sealing Glasses fbr Solid Oxide Fuel Cells 

PI; Cheol-Wbon Kim 


mtR 

irm 


MO-SCI Corporation - Rdla, MO 


Identification and Signtficanoe of Innovation 

^Produce "Hermetic Sealing Glasses" for NASA SOFC/SOE seals wttti llie 
oal of zero or rrinimal leak rates. 

)CeraiTiic ceU-to-steel inteiDonnect 

2) Ceraniic ceU-to-ceramic intercorinect 

3) Capable of themaJ cycling (e.g., RT-B507C) under SOFC operalianal 
condifiofis (e.g., melhane/oxygen) 

4) TTtemslly and cfiemically stable 

*U1ilize rigid glass-ceramic and/or i:»ompliart (viscous) glass seals. 
*MO-SCI CorpJMissauri S&.T have experience. 


EsCntated TRL at beginning and end of contract: ( Begin: 4 End: 5 ) 

Technical Objectives and Work Plan 

1 )ldenlrfy spectlic SOFC materials of interest to NASA tor sealing and 
determine specific operational conditions. 

2) Test G27 (glass-ceramic seal) and/or G1 02 (viscous glass seal) with 
NASA-specific materials and conditions. 

3) Refine and optimize the ^ass compositions and processing parameters 
with the requisite thermal and physical properfies. 

4iEvaluate long-term (e.g., >500 hrs at 650-8502C) thermal and chemical 
stability. 

5)Conduct hermetic and thermal cycle tests (e.g., RT-85D7C). 
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NASA Applications 

Provide new reliable, ttiermally stable, henrtetic sealing materials criti cal for llie 
development of SOFCs/SOEs as a fiigh-efliciency power system/a life support 
system, respectively. 


Non-NASA Applications 

Assist the nation’s SOFCs program in meeting its cost and performance targets by 
ensuring thait SOFC seals can achieve reliable operation over an extended 
operating life. 


COR: Dr. Serene Farmer, NASAGRC, 216-433-3289 


Firm Contacts Cheet-Woon Kim 

MO-SCI Corporafion 
4D40 Fly Point North 
Rolla, MO,_654Q 1-0277 
PHONE: (fe73) 364-2338 
FAX: (573)364-9509 
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NASA SBIR/STTR Technologioi 

1-18.01-9741 - Fatxication of T-SOFC via Freeze Cast Methods for Space and Portable Applications 


IBtR 

ITTR 


PI: Joshua Persky 
Yanhai Power LLC - Irmo, SC 


Identification and Significance of Innovation 


Hurnsn occupied vetiicles sucti as Itie InlMnatjonal Space Station and 
airtonarrifous vehicles such as rovers artd landers may benefit irom ttie fuel 
flexibility and the high energy density of SOFC compared to batteries ar>d 
PEM sy^ems. Fuel systems greater than 1kw are traditianally planar and 
exhibit high volumetric power density, however, due to lar^ sealing areas, 
have poor cycling characteristics. Viie recenity demonslra'^ 250 cycles on a 
Tubular SOFC system. Hot zones designed aroiaid T-SOFC have a lower 
packing density, but signif cantly better cycle life and start times making 
them an ideal solution. By increasing the pow^ density of T-SOFCs, overall 
hot zone and system volumetric power densities can be greatly improved. 
Extending the methodology of freeze casting to T-SOFC will provkie NASA a 
system with the micro structural advantages of their planar oounte^rt but 
with the rapid thermal cycling capacity oftraditional extruded SOFCs. 


Estimated TRL at beginning and end of contract: ( Begin: 2 End: 4 ) 

Technical Objectives and Work Plan 



A key barrier to the use of the SOFC ^nerators as a power syst^ for 
NASA appli cations is the use of logistical fuels and oxidants. The use of pure 
oxygen specifically presents a challenge. At the standard SOFC operation 
temperature (6DD-900 C) metallic frames used to support planar stacks will 
quickly degrade leading lio leaks and eventually stack failures. The use of a 
tubular geometry allows the oxygen to be separated from all meteJIic 
surfaces. 

The primary technical objective of the Phase I program is a demcnstration of 
single cell treeze cast T-SOFC operating on methane and oxygen. Cells 
development of TRL 4/5 is expected at the conclusion. The first technical 
ot^ctive of the Phase I program is the adaptation of the freeze cast 
structure to curent producfion technique for tubular SOFC to produce cells 
suitable tor NASA's missions, operating on melhare/oxygen. The T-SOFC 
cell is the key component driving the SOFC power system perfamnance and 
a [Foducli'an technique must be proven first in order to develop the system. 

A second technical ot^ctive in l^ase I is to demonstrate the T-30FC cell 
elecirochemical perldmance in a representative methane/oxyg^ 
environment. The final technical objective of the Phase I program will be to 
develop a conceptual design of T-SOFC power system operating on 
methane/oxygen. The conceptual design will consider reforming needs, 
thermal management and have a prqfecled power output of 2.5kW. 


Increasing the power density of T-SOFCs is a vital step in achieving NASA's 
objective. Specifically, cells devetoped during this program can be further used in 
the following systems: 

-Energy storage and maintenance for the international space station 
-High altitude balloons 
-High altitude aircraft 

-Energy storage for lulure missiorra and settiement on the mcKm and Mars 
Non-NASA Applications 

This unique fuel cell mfcrostruclure can be leveraged across all SOFC 
developments, improving both system pov^ dens^ and reducing cost and used 
for electrolysis of water and or carbon dioxide leading to a host of applications such 
as: C02 conversion. Hydrogen or Oxygen production, and the producfion of metals 
from oxide salt mixtures. 


Finn Contacts Tyler T^m 

Yanhai Power LLC 
4D2 Hopestene Crossing 
Irmo, SC, 29063-7603 
PHONE: (716) 380-3698 
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NASA SBIR/STTR Technologies 

H6.01-9874-- Integrated Bedrolysis & Sabatier System for Internal Refomnhg Regenerative Fuel 

Cells 


JBiR 

fTTR 


PI: Christirte lacomiii, Ph.D. 


Paragon Space Development Corporation - Tucson, AZ 


Identification and Significance of Innovation 


Paragon Space Developmerit Corpordbon® will advance our Solid Oxide 
Elednolysis/embedded Sabalier reactor {SOEfESR) system to generate 
power from its oxygen {02) and mettiare (CH4) products. Our SOE/ESR 
technology provi des a carbon defxisitiafi resistant system capable of 
internally steam retomir^ CM4 and gen^aling powi^. Minimal start-up 
water is required: operatiors are su^ained by recycling water from the 
affluent using Paragon's spaceflight-qualilied humidity control membrane 
technology. The sy^em is gravity-independent and compact with no moving 
parts, beak-tight operations are improved by employing a 3D glass seal 
approach. The synem will survive hundreds of high pressure diflerenlial 
thermal cycles. TTie innovabon sit^lilies operations, lowers hardware 
complex!^, and increases reliability. It can (^torm multiple tundjons without 
modifications, making it deployable on various missions: from ISRU on the 
Moon and Mars to life support systems of space crafts and habitats. 


Esbmated TRL at beginning and end of contract: { Begin: 2 End: 3 ) 

Technical Objectives arid Work Plan 
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The overall ot^cbve is to develop a regenerative CH4 fuel cell system. Our 
Phase I effort includes laboratory tests to confirm simultaneous internal CH4 
steam reforming and fuel cdll operation without carbon deposibon. Tests will 
also determined feasibility of employing new sealing features at high 
differential pressure and multiple thermal cycles. 

Specifically (he objectives of this Phase 1 effort are: 

1 ) Conffirm system and test requirements (hat map to an ISRU end-use and 
allow assessment of technology feasibility. 2) Incorporate features that will 
improve the SOE/ESR sealing endurance. 3) Demonstrate new seals that 
survive 20 thamal cycles. 4) Demonslraite a SOE/ESR cdl operated as a 
fuel cell with CI-I4 fuel and pure 02 via internal steam reforming. 5) Evaluate 
the impact of CIH4/H20 flow rate and mixture on pertormance and fuid 
ufilizabon. 6) Esbmate sizing and operabon tor a 1 kW regenerative fuel cell 
system. 


The SOE/ESR Internal Reforming Fuel Cell system can produce 01 arxJ CH4 from 
both lunar and Martian resources; then use those products to produce power when 
solar power is not available or as auxiliary power. Smaller units can be dedicated 
fuel cells in rovers or habitats fueled by larger in situ 02 and CH4 production plants. 
For life support, it can regenerate 1Q0% of crew 02 needs from crew-produced CD2 
and H20 vapor. CM4 by-products t:an be used for spacecraft or habitat auxiliary 
power. 

Non-NASA Applications 

The SOE/ESR Internal Reforming Fu^ Cell system can be used in underwater 
research facilibes, submarines, emergency bunkers, and commercial and civil 
space vehicles. Powered ^ easily storable, self-generated CI-14 fuel, it extends 
operations in remote locabons. ft also provides relief power during high energyuuse 
periods of the day, making its own fuel during low energy-use penods. 


This will be achieved by the foUowing work plan: 

1 ) Draft a concept of operabons and subsequent test requirements specific 
to the Phase I scofK. 2) Incorporate new sealing features into currenft 
5DE/E5R cell seal design. 3) ManufacLire t^ aif cles, finalize test 
procedures, and ready the test bed. 4J Perform tests, reduce data, and 
analyze results to assess system feaability. 


Firm Contacts Christine [acomini, Ph.D. 

Paragon Space Devetopment Corporation 
34B1 East Michigan Street 
Tucson. AZ, 85714-2221 
PHONE: (SiO) 903-1000 
FAX: {520)903-2000 


COR: Abigail Ryan, NASA JSC, 281-483-3260 
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2012 Phase II NASA SBIR/STTR Technologies 

H8.01-9759- Advanced Manufadumg of Intermediate Terr^ratune^ Drect Methane Ojodation 
Membrane Bectrode Assemblies for Durable Solid Oxide Fuel Cel 

PI; Erick White 


mm 

ITTR 


FTN Energy Systems, Inc. -Utlleton, CO 


Identification and Significance of Innovation 


TTie proposed innovaltion builds on the successes of ttie Phase I prograni by 
integrating our direct oxidation MEA into a monolithic solid oxide tuel cell 
stack capable of long-term operation on methane. This innovation enables 
durable, cycle-able and simple SOFC systems to meet the needs for NASA 
and commercial customers. ITN's Phase II strategy addresses the technical 
hurdles that tirnit the long-term durability and thermal cycling of state-of-the- 
art SOFCs operating on methane fuel, including 
?Component CTE matching 
?Uass reduction 
?Stack sealing 

?R.edudng anode degradation and stack operating temperatures. 

With this innovation, we project that the proposed SOFC stack will be 
capable of operating withoul: degradabon for more than the targeted 250D 
hours and will operate without power density degradation after 50 start-up 
and shut-down cycles. 


Estimated TRL at beginning and end of contract: { Begin: 3 End 4 ) 

Technical Objectives and Work Plan 



NASA Applicattons 


The technical objectives of this research are designed to build on the 
success of the phase 3 program to create the next generation SOFC by 
bulldng on the developments of phase 1 to create a durable, direct-oxidation 
MEA and incorporate it into our monolithic SOFC stack,. The specific 
technical objectives are listed below: 

TFabflcate durable, anodes capable of the direct oxidation of methane or 
syrigas fuels without coke formatiDn (50D mWfcm2) 

?l-ligh rate (11 ?/s) sputtering of YSZ dectratytes direcHy on ITN's large 
area, direct oxidation anodes. 

?Demonstrate long-term durability and the ability to withstand thermal 
cycUng. 

?lncorporate large-area MEAs into a durable monolithic 1-3 kW stack 


NASA needs etticjent and reliable methods for both portable and stationary 
electricity and heat generation, with the greatest possible tfexibifity. ITN's proposed 
SOFC provides the solution, allowing for systems capable of generating etectricity 
from a variety of fuels such as syngas, methane, hydiogen or Tiydrocaihon fuels. 
Potential NASA customers are the International Space Station or the Human 
ExpforatiDn and Operatnns Mission Directorate or other long-term missions 


Non-NASA Applications 

Applications include residential commercial buildings, transportation, military, 
emergency services, and other off-grid power applications. Because it can operate 
direcdy on natural gas (which is primarily methane} with minimal processing and 
tolerate a wider range of operating cond bans than current SOFCs, fuel is widely 
available without investment in fuel delivery infrastructure. 


COR: Dr. Patricia Loyselle, NASA GRC (216) 433-2180 


Finn (Contacts NeeleshUII^ 

FTN Energy Systems, Inc. 
8130 Shaffer Parttway 
Littleton, CO, 80 127-4107 
PHONE: (303) 285-5191 
FAX: (303)420u1551 
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2010 Phase II 


NASA SBm/STTR T^clinologies 

Ach'jmced Passive Liquid Feed PEM Electrolyzer 

SusTaiuabLe 


/BtR 

fUR 


GlastonbuiTj CT 


Ideufification and Sianificaiice of ItmovaricMi 


Proposal No. : XS . 01 - 8730 

Scientific Principle 


Permits Efficient Generation Of Hydrogen And Oxygen 
From Water With Minimai Balance Of Plant 


Dry, Pressurized Gas 
No Balance of Plant 
Required for Gas/Water 
Separation 


No Moving Parts 

Utilizes Innovative Water Transport Materials And 
Technology 

Estimated TRL (1 - 9) at he ginnmg and end of 
contract: BegLoning At 2 Ending At 4 


Technical Objectives and Work Plan 

Develop And Demonstrate The Fundamental Technology 
For An Efficient Advanced Passive Liquid Feed PEM 
Electrolyzer Capable Of Operation At 2,000 Psi With No 
Moving Parts And Minimal Balance Of Plant. 

1 . Deveiop And Advanced Water Transport Media. 

2. Integrate Media Into A High Pressure Cell Architecture. 

3 . Evaluate Performa nceOfTtiisCellArch itecture To 
Confirm Design Approach. 



NASA and Non-NASA Applications 

■ NASA: Facilitates Efficient Energy Storage Using PEM 
Electrolyzers And Fuel Cells Based On The 
Hydrogen/Oxygen Cycle. Supports Renevi^ables Energy 
Storage For Space Travel And Bases. 

■ Civilian: Facilitates Hydrogen Economy Through Efficient 
Generation Of Hydrogen To Serve As A Vehicuiar Fuel. 

' Civilian: Supports Low-cost Designs For Electrolyzers 
That Generate Hydrogen As An Industlal Gas. 

Firm Contacts 


Dr. Trent Molter (860) 652-9690 
Irent. mol ter(^sustai nabi einno v. com 

COR: Kenneth Burke, NASAGRC, 216-433-8308 
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Thanks for your attention! 



